The present study is concerned with the effects of some stimulus variables on size constancy.
In the traditional experiment on size constancy, two disks, the standard and the comparison, are presented at different distances from the subjects. The standard disk having a constant diameter in physical size, or in visual angle, is presented at various distances, while the comparison disk with varying diameter is placed at a constant distance. The physical distance of the standard disk is usually adopted as an experimental variable and the physical size of the comparison disk which is matched with the standard in apparent size is measured.
However, the physical distance, itself, is not presented directly to the subject's eyes. The information about the distance is mediated by many cues for depth perception, i.e. convergence, binocular disparity, linear perspective, texture gradient, and so forth. These cues, or proximal stimulusvariables, are more appropriate as experimental variables than the physical distance in the traditional experiment, for the purpose of analyzing the stimulus relations determining the phenomena of size constancy.
A stereoscopic apparatus makes us possible to control these stimulus-variables independently of each other. Ogasawara (1935) studied size constancy in a stereoscope, but he only analyzed subjects' verbal reports qualitatively to find effects of convergence and some other variables. Oyama and Teraoka (1955) and Katori and Suzukawa (1963) utilized a new psychophysical method, the method of transposition, developed by Oyama (1955 Oyama ( , 1959 to get a quantitative measure of the perceived size-ratio between two objects seen in a stereoscope.
The method of transposition is a kind of ratio-matching, but it is quite different from Stevens' (1957 Stevens' ( , 1962 ratio-estimation and ratio-production methods in such an aspect that the method of transposition does not use any verbal response which may be affected by subject's mathematical experience. In the method of transposition we usually use two pairs of objects, a pair of objects whose apparent size-ratio is studied and another pair of objects which are presented on a neutral place and whose physical size-ratio is systematically varied. The subject is asked to compare apparent size ratios of these two pairs of objects, and to make matches between the two ratios. This method has been successfully applied to studies of size constancy in traditional situations by Makino (1956) , Ueno (1962) , Kuroda (1963) , and others.
In the present study, a new stereoscopic apparatus with polarizing filters and projectors was used, instead of stereoscopes with lenticular prisms used in the studies of Oyama and Teraoka (1955) and Katori and Suzukawa (1963) . This new type of stereoscopic apparatus made us easier to control systematically such experimental variables as convergence angle, binocular disparity, and luminance, whose effects were examined in this study. The first and second variables have long been known as important cues for depth perception, and the third variable, luminance, may also be important in stereoscopic vision. It is interesting to know what extent the stereoscopic vision and the size constancy will be disturbed by simultaneous reduction of the luminances for the two eyes, and by differences in luminance between the two eyes. The other variables in depth per-
The stereoscopic apparatus used in this study. is 10 millilamberts. The transposition cards are illuminated by a 10-watt fluorescent lamp, which is placed above the slant stand and covered from the subject's sight, and the illuminance on these cards is 1000lx. (approximately 100 foot-candles).
The Control of Convergence and Binocular Disparity
The two luminous disks projected on the screen from the left projector are located at constant positions in each experimental series, while the positions of the two disks from the right projector are varied among conditions. The direction of the projector controls the position of the left disk, the separation between the two holes of the diaphragm used in the projector determines the separation of the right disk from the left. and the expected apparent distance of the fused image. Here, disks projected on the screen are represented by points, Prr, Pr1, P1r, and PI,. The lateral separation between the two corresponding disks, which are projected from different projectors and are seen by different eyes of a subject, determines the convergence angle to fuse them as a single binocular image. Points, Fr, and F1, which are intersections between pairs of lines of sight to the points, Prr and Pri, and P1r and P11, respectively, represent hypothetical objects which will need the same convergence angles as two pairs of disks on the stereoscopic screen need.
The distances of these hypothetical objects from the eyes, Dr and D1, can be obtained from the convergence angles (in degrees), ar and al, using the following formula,
where d represents interocular distance of the subject. This formula is derived from Formula 16 of Graham (1951, p. 884) , or from Formula 18.16 of Graham (1965, p.521) .
The binocular disparity between the rightand left-eye views of the two disks, )2, is given by the difference in convergence angles for the two disks, as pointed out by Graham (1951 Graham ( , 1965 . It should be noticed that the term, convergence angle, in this statement does not imply responses of convergence to these two disks. Consequently, this formula is effective irrespectively to the actual response of convergence made during observation.
General Procedure
The subject is asked to sit down on a chair whose height is adjustable and to observe the screen through the observation window. During the observation, he is allowed to shift his regard freely, and enough time is given to get complete stereoscopic fusion. The subject is expected to see two luminous disks at different distances against a dark background, when diaphragms with different inter-hole separations are used in two projectors.
After each observation, he is required to choose a transposition card having the same apparent size-ratio between its two circles as do the two luminous disks seen in the stereoscopic apparatus. For this choice, he is allowed to turn the pile of transposition cards over freely and to compare to and fro between the stereoscopic apparatus and the transposition cards.
This procedure is repeated five times for each stimulus condition. The average ratio of physical size between the circles on chosen cards is adopted as the measure of the perceived sizeratio between the two luminous disks seen in the stereoscopic apparatus.
Subjects
Staff members and students in the Department of Psychology served as subjects. They all have balanced normal acuity in their both eyes, though some of them are corrected by glasses. Their interpupillary distances ranged from 61mm to 66.5mm.
EXPERIMENT I In Experiment I, the visual angles subtended by the right and left disks were equal to each other and held constant throughout experiment, while the convergence angles for the two disks were both varied in such a way that the binocular disparity (difference between the two convergence angles) was systematically varied. 
Results
The average results of five ratio-matches made by each subject for each stimulus condition of Series A and B are shown in Tables I and 2 , respectively.
Blank cells in Table 2 mean failures to get complete fusions of binocular images. An inspection of these tables reveals that there are very small differences among the three conditions, and among the five subjects. The bionocular disparity (difference between the convergence angles for the right and left disks) is the most dominant factor TABLE 3 Analyses of variance (Experiment I) Series A Series B *significant beyond the 5% level **significant beyond the 1% level ***significant beyond the 0.1% level in these results. Table 1 shows that the matched sizeratios were generally smaller than unity in Series A, in which the convergence angle for the right disk was greater than that for the left disk (positive disparity). The matched size-ratios were least when the disparity was greatest in the positive direction, and increased as the disparity decreased, reaching around unity when the disparity was zero. Table 2 shows that the matched sizeratios were always greater than unity in Series B, in which the convergence angle for the right disk was smaller than that for the left disk (negative disparity). The matched ratios increased as the negative disparity increased, and reached the highest level when the disparity is maximum.
These results are in a line with the wellknown law of size constancy that an object having a constant visual angle increases in its apparent size with an increase of its apparent distance, which is expected to be inversely related to the convergence angle.
It might be noticed that there were some discrepancies between Series A and B in their results under the condition of zero disparity. The matched ratios obtained in this condition of Series A were almost always smaller than those obtained in the same condition of Series B. This systematical difference may have been due to some bias caused by the design of the present experiment where the zero disparity was the smallest disparity both in Series A and B whose directions of variation were opposite to each other. A tendency of levelling may have worked on responses made under different conditions of a separate experimental series. Table 3 shows the results of the analyses of variance applied to the results of Series A and B of this experiment. The data obtained in the two conditions of greatest negative disparities, in which a part of subjects could not get complete fusion of binocular images, were not used in the analysis. These analyses indicate very highly Experiment I. In Experiment II, the two series both contained the same three conditions of disparity around zero disparity, while only one condition (zero disparity) was common between Series A and B of Experiment I. The size-ratios in visual angle and binocular disparity used in the four series are as follows:
Size-ratio in visual angle
Binocular disparity
Four of the five subjects who had experienced Experiment I and a new subject served in this experiment. Both the replaced old subject and the new one have moderate interpupillary distances of approximately the same size.
Each of these five subjects served in four session, one for each series. They made five ratio matches for each of eight conditions of disparity in each experimental series.
Results
Fig . 3 shows the average matched ratio obtained in the four series of Experiment II.
The results of the Standard Condition of Experiment I are also plotted for the purpose of comparison. The tables of individual data are omitted in this case, but differences among the subjects were relatively small, and the same order as those of Experiment I.
All curves in Fig. 3 indicate that the logarithm of the matched size-ratio increased linearly as the disparity decreased to zero and then increased in the negative direction.
Parallel relations among the three groups of curves, which represent three different size-ratios in visual angle, suggest the generality of linear relation between the disparity and the logarithm of the perceived size-ratio. As shown in Fig. 3 In Experiment III, the effects of luminance of the two pairs of the disks presented to the two eyes of the subject were examined under conditions of balanced and unbalanced stimulation. Balanced stimulation means that the luminance of the disks is uniform for both eyes, and unbalanced stimulation indicates some difference in luminance between the two eyes. Such a difference will affect stereoscopic vision and reduce in some extent the tendency of size constancy observed under the condition of balanced stimulation.
Conditions and Procedure
In Series G, the luminance of the pairs of disks presented to the two eyes was simultaneously varied among four levels by means of three pairs of neutral density filters which were inserted in the right and left halves of the observation window.
The transmittances of the are 10%, 5% and 1%, respectively. No filter was used in Condition G-1.
In Series H, the same three kinds of filter were used, but each of them was inserted only in an half of the observation window. The other half of the window was remained without 
Results
The average matched ratio of the four subjects for each combination between the conditions of disparity and luminance is shown in Table 4 . Under every condition of luminance, the average matched ratio gradually increased as the binocular disparity decreased from +34.5' to zero, and then increased from zero to-34.5' in the negative direction. In other words, some tendency of size constancy was observed under all conditions of balanced and unbalanced stimulation (Series G and H). As shown in Table 5 , this observed tendency is supported by very high statistical significance of the effects of disparity in the analyses of variance applied to the results of Series G and H.
The results of Series G in Table 4 indicate that the average matched ratio in- 
DISCUSSION
In all experiments of the present study, the perceived size-ratio between two objects which had constant visual angles and were seen in a stereoscopic apparatus varied as convergence angles for these objects were varied independently of each other. When the convergence angles for the two objects were the same with each other, the perceived size-ratio measured through the method of transposition was approximately equal to the ratio in visual angles. The perceived ratio decreased as the binocular disparity (difference of convergence angles for the two objects) increased in the positive direction, and it increased as the disparity increased in the negative direction. These results show that size constancy exists even when only convergence and binocular disparity are available as cues for depth perception, and support Gogel's (1962) view that the perceived ratio of the sizes of objects changes as a function of their convergence difference.
An approximately linear relation was observed between the logarithm of the perceived size-ratio and the binocular disparity (difference of convergence angle). Any change in the level of convergence angle, in the ratio of visual angles, or in the level of luminance did not affect this linear relation, while a difference in luminance of stimulus-objects between the two This distance is obtained through calculation from the convergence angle for the right disk given in the stereoscopic apparatus.
The labels , C, D, E, and F in the upper group of curves means Series C , D, E, and F of Experiment II . The labels N, S, F in the lower group of curves indicate the Near , Standard and Far Conditions of Experiment I .
The upper curves have raised one log unit as compared with the lower curves.
eyes reduced a little the slope of this linear relation.
To compare the results of the present study with those of the past studies done in the traditional situation of experiment, Fig. 4 shows the relation between the perceived size-ratio and the distance which is calculated through the Formula (1) from the convergence angle and the average interpupillary distance, 63.6 mm. In this of the calculated distance for the right disk, and the ordinate indicates the logarithm of the matched size-ratio. The upper two groups of curves show the data of Experiment II, in which the size-ratio in visual angle was 1.2 (Series C and D), or 1.4 (Series E and F). The lower three groups of curves indicate the results of Near, Standard, and Far Conditions of Experiment I, in which the size-ratio in visual angle was always 1.0. The former two groups of curves have been raised one log unit as compared with the latter three groups of curves.
In such a bi-logarithmic figure, a slope of 45 degrees represents a perfect size constancy and a slope of zero degree indicates a complete lack of size constancy. The obtained curves seem to exist between these two extremes. It means that the results of the present experiments show considerable degrees of size constancy, but not perfect.
As shown in Tables 1 and 2 , the results of the three conditions of convergence in Experiment I are very similar with each other, when they are represented as a function of binocular disparity. In Fig. 4 , however, the slope of curve is different among three conditions, it is greatest in the Near Condition and, least in the Far Condition. The linearity of curves observed in Fig. 3 has also disappeared in Fig. 4 . In general, the slope is greatest at the beginning of curve and gradually decreases as the distance increases. The complexity and non-linearity of the curves in Fig. 4 as contrasted with the simplicity and linearity of the curves in Fig. 3 indicate that the binocular disparity or convergence angle is a more suitable parameter than the calculated distance to represent the results of the present study. This supports the view that these cues for depth perception are more direct stimulusvariables of size constancy than the distance.
Some investigators suggested a power function between the distance and the perceived size in the traditional situation of experiment on size constancy (Makino, 1956; Makino and Ueno, 1963; Ueno, 1963; Kuroda, 1961 Kuroda, , 1963 . In bilogarithmic figure such as Fig. 4 , a power function is represented by a straight line of any constant slope. However, it is very hard to fit any straight line to the present results. The slope gradually decreases as the distance increases.
This difference of curve-shape may be ascribed to two differences in experimental conditions between the present study and the previous studies. First, the calculated distance in the present study ranged from 1.05m to 48.9m, while the maximum distance in the previous studies was only six meters. Secondly, cues for depth perception are only disparity and convergence in this study, whereas many other cues were available for the subjects in the previous studies. This second reason is supported by the fact that nearly perfect constancy was observed over such a wide range as 120 feet (36.6 m) in the studies of Holway and Boring (1941) , Zeigler & Leibowitz (1957) and Leibowitz (1961) whose subjects could use a lot of depth cues.
